The long-standing awareness of the environmental impact of land-use change (LUC) has led scientific community to develop tools able to predict their amount and to evaluate their effect on environment, with the aim supporting policy makers in their planning activities. This paper proposes an implementation of the Dyna-CLUE (Dynamic Conversion of Land Use and its Effects) model applied to the Litorale Domizio-Agro Aversano, an area of Campania region, which needs interventions for environmental remediation. Future land use changes were simulated in two different scenarios developed under alternative strategies of land management: scenario 1 is a simple projection of the recent LUC trend, while scenario 2 hypothesises the introduction of no-food crops, such as poplar (Populus nigra L.) and giant reed (Arundo donax L.), in addition to a less impactful urban sprawl, which is one of the main issues in the study area. The overall duration of simulations was 13 years, subdivided into yearly time steps. CORINE land cover map of 2006 was used as baseline for land use change detection in the study area. Competition between different land use types is taken into account by setting the conversion elasticity, a parameter ranging from 0 to 1, according to their capital investment level. Location suitability for each land use type is based on logit model. Since no actual land use already exists for the alternative crops investigated in scenario 2, a suitability map realised through a spatial multicriteria decision analysis was used as a proxy for its land use pattern. The comparison of the land use in 2012 and scenario 1, evaluated through the application of Kappa statistics, showed a general tendency to expansion of built-up areas, with an increase of about 2400 ha (1.5% of the total surface), at the expense of agricultural land and those covered by natural vegetation. The comparison of the land use in 2012 and scenario 2 showed a less significant spread of built-up areas, affecting approximately 750 ha (0.5% of the total surface). Moreover, the introduction of alternative crops on about 10,000 ha, that is 6.8% of the total surface, would result in a significant decrease of arable land and a lower decrease of permanent crops, respectively equal to 6800 ha and 2900 ha.
Introduction
Land use change (LUC) is a crucial issue for the environmental science, since it is one of the main causes of most environmental problems, such as global warming, loss of biodiversity, alteration of biogeochemical cycles and soil erosion (Agarwal et al., 2002; Murray-Rust et al., 2014; Zhang et al., 2015) . A rational land use planning is therefore essential for a sustainable exploitation of natural resources. In such a context land use modelling can be an important tool for creating different scenarios of future LUC under alternative strategies of development (Veldkamp and Lambin, 2001) , in order to assess their effects at different scales. Basically the aim of the research in land use change modelling is to provide an effective decision support tools for the environment, economic and social development policies (Verburg et al., 2002) . Given the complexity of dynamics and the factors involved in, the reliability of a model is based mainly on its scientific rigorousness (Agarwal et al., 2002) . In order to use models for land use change assessment, calibration and validation of the model itself are required (Hewitt and Escobar, 2011) . Models can be calibrated and validated in several ways since there are no standards. According to a recent study the most frequently used procedure for calibration is statistical one, whereas the location accuracy is N o n c o m m e r c i a l u s e o n l y the most used as validation procedure (Van Vliet et al., 2016) . Campania region is one of the most important regions in Italy for agricultural products but it is recently facing a big challenge for being suspected of a wide contamination, especially in the so called Land of Fires (Capolupo et al., 2015; Cervelli et al., 2016) . Illegal spills and not authorised dumps have been discovered patchy in all the area, but actual contamination has still to be demonstrated. Nevertheless if nothing would be accomplished to restore the reputation of this area in the next years, main consequence would be the progressively abandonment of agricultural lands and replacement with new urban settlements.
The area is now under study, within the LIFE ECOREMED European project (www.ecoremed.it), aimed at bioremediation of agricultural soils, with the introduction of plants identified as phytoextractors, waiting for decontamination of soils. The project will end with the implementation of a protocol of bioremediation to be applied widely in the study area that is a site of regional interest (SIR) named Litorale Domitio Flegreo-Agro Aversano.
Consequently new crops will replace current crops, namely poplar, giant reed and eucalyptus, in areas individuated as suitable of change , to be recycled with energy and matter recovery purpose (Giudicianni et al., 2017; www.ecoremed.it) .
During recent years several attempts were made in the study area, trying to assess the spatial allocation of energy crops, introduced to reduce soil risk erosion (Pindozzi et al., 2013) or to remediate contaminated soils , basing on deterministic or probabilistic approach, respectively. In any case it was not possible to establish a time horizon of change, and which areas will change for first. The aim of this paper is the application of a prediction land use model, the Dyna-CLUE model (Dynamic Conversion of Land Use and its Effects) (Verburg and Overmars, 2009) , after its validation, in a large area, never studied before with this approach, to assess what will happen if current trend will last for the next 13 years, from 2012 to 2025, or in alternative if new crops and new environmental policies would be applied. As Dyna-CLUE model is not able to predict spatial allocation of energy crops, because does not have a separate class for them (Hellmann and Verburg, 2011) , their allocation was based on a suitability map, sorted out from the application of spatial multi criteria decision analysis (Malczewski, 2006) , introducing the specific class.
The methodology proposed is strongly dependent from the accuracy of the land use/cover map used as baseline, and on a detailed knowledge of the area. Moreover the methodology is useful to improve the awareness about the actual risk of the agricultural areas of being abandoned or transformed in urban areas, which expansion seems uncontrolled. On the other hands new environmental policy will result in new opportunity of economic growth for the study area, reducing agricultural abandonment and urban sprawl. For these reasons this study deepens the knowledge of land use dynamics towards new environmental friendly policies and poses the basis to conduct subsequent impact evaluation (Cervelli et al., 2017) .
Materials and methods

Overview of methodology
The use of land use change models are main tools for analysing the causes and consequences of land use changes, providing new insights in the assessment of LUC impacts on ecosystems and supporting land use policy and management (Luo et al., 2010) . Studies devoted to LUC analysis are recently applying computational approach to be performed (Parker et al., 2003) improving results quality. LUC is determined by the interaction between biophysical and human factors in a spatial and temporal context, therefore predicting models must take into account such elements. If scale of a model essentially provides information about space, time and agents, complexity represents its ability to consider driving forces determining the LUC (Agarwal et al., 2002) .
The analysis of the driving forces is a crucial step in the development of a predicting model, as it allows determining the factors involved in the LUC, such as natural resources, climate, topography of the area, demographics, socioeconomic conditions, etc. The weight of driving forces in determining LUC is depending on their nature and it can be estimated through statistical approach. The dynamic approach in modelling, such as the one used in Dyna-CLUE, provides for the integration of statistical methods with different principles, which generally define a better consideration of the driving forces. Beyond approaches, almost all models are based on the use of geographic information systems.
Dyna-CLUE consists of four modules: land-use requirements, which is the amount of land devoted to change and it is estimated according to considerations about the demographic and/or socioeconomic context; location characteristics, representing local suitability to a specific land use and it is determined by different driving forces; spatial policies and restrictions, which are the areas in which LUC is restricted by law; finally, land use type specific conversion settings, which are determined by the specific characteristics of each land use type (Verburg et al., 2002; Verburg and Veldkamp, 2004) . All data needed for the application of the model to the study area (the site of regional interest called Litorale Domitio-Flegreo and Agro Aversano) were fully provided by the University of Naples Federico II, one of the partners of the LIFE ECOREMED European project involved in the implementation of the bioremediation protocol. This last has been realised providing the introduction of specific no-food crops with high attitude to phytoextraction. Therefore the development of the model led to the creation of two different scenarios up to 2025: the first one (scenario 1) is a simple projection of recent LUC trends in the absence of specific environmental policies, while the second one (scenario 2) assumes a possible evolution of the territory as a result of interventions focused on phytoremediation. Scenarios of change were aimed at matching principles of the European directives concerning protection of the territory, such as: desirability of a rationale and orderly development of urban and suburban territory minimising soil consumption; protection of territory physical integrity and cultural identity through the landscape-environmental and historical-cultural resources valorisation, conservation of ecosystems, revitalisation of existing settlements and compromised sites restoration; improvement of inhabited centres healthiness and comfort; strengthening regional and local economic development in terms of sustainability; protection and development of the agricultural landscape and associated productive activities; protection and development of the sea-land landscape and related productive and tourism activities.
Study area
The study area is the SIR of Litorale Domitio-Flegreo and Agro Aversano, located in Campania region, South of Italy ( Figure  1 ). The area extends for 157,000 ha; it is divided in 77 municipalities, with a population of about 1.4 million of inhabitants. scape, is highly heterogeneous, with wide costal planes, a quite high inland, promontories and volcanoes. Despite human activity affects rather deeply all the area, especially in the Volturno valleys, where urban, industry and intensive agriculture areas intertwine in a typical agrarian landscape, there are few important natural sites characterised by broad-leaved forests, natural grasslands or maquis, mainly in the northern part of the area. Campania Region recently classified the study area as SIR downgrading it from the previous classification national interest priority sites responding to the definition of part of the national territory delimited from the site characterisation in terms of presence of pollutants (quantity and quality) and environmental impacts on the adjacent areas .
The Dyna-CLUE model
The scenarios were created using the Dyna-CLUE model (Verburg and Overmars, 2009; Hellmann and Verburg, 2011; Shoyama and Yamagata, 2014) . In the Dyna-CLUE modelling framework the allocation of different land use types at grid cell level is based on a combined effect of location suitability, agents' competitiveness and factors related to political and socioeconomic context (Shoyama and Yamagata, 2014) .
Competition between different land use types is taken into account by setting the conversion elasticity, a parameter ranging from 0 (easy conversion) to 1 (difficult conversion), according to their capital investment level (Verburg et al., 2002; Verburg and Veldkamp, 2004) . Lower values were assigned to low capital land uses, such as arable land (0.2), while higher values were assigned to high capital land uses, such as urban fabric (1). Since not every kind of land use changes is logically possible, for example it is very unlikely that any built-up area is converted into an agricultural one, or just that grassland is converted into forest within reasonable time, allowed land use transition sequences must be specified in a conversion matrix (Verburg and Veldkamp, 2004) .
[ Location suitability for each land use type, defined as location characteristic, is based on a statistic analysis aimed at estimating relations between a specific land use and the driving factors thought to be relevant in its determination. A logit model is used to define the probability for the occurrence of each land use type on each of the grid cells, according to the following relation:
where Pi is the probability for the occurrence of the considered land use on the location i, X1,2…n are the values of the driving factors, while β0,1,2…n are coefficients estimated by logistic regression using the actual land use pattern as dependent variable (Verburg and Veldkamp, 2004) . The driving forces analysed are divided in geophysical and socio-economic factors. Regarding the geophysical factors, elevation, slope, soil erosion and soil characteristics were taking into account. For the socioeconomic factors pollutants concentrations and accessibility to main facilities, namely distance from the sea, streams, protected areas, urban areas and main roads were considered. As not all of the variables have necessarily an influence on the spatial allocation of every different land use types, a stepwise procedure was used in the regression analysis to select only the driving factors showing a relevant effect on land use pattern (Verburg et al., 2002) . The 2006 CORINE land cover (CLC) map was taken as a reference for the analysis. Since no actual land use already exists for the phytoremediation/energy crops investigated in the scenario 2, a suitability map realised through a multicriteria-spatial decision support systems (Malczewski, 2006 ) was used as a proxy for its land use pattern (Hellmann and Verburg, 2011) . Specifically multi-criteria analysis was performed according to the following five steps: i) criteria individuation, sorted out from the environmental characterisation of the study area performed within the framework of the LIFE ECOREMED project and including data from soils, air, water and land system as reported in Cervelli et al., 2016 . For each criterion a raster dataset was generated, 20×20 m of resolution; ii) criteria tree development; criteria were organised as factors (with an intrinsic attitude towards change) or constraints (areas to be excluded from the analysis); iii) criteria standardisation; in order to perform comparison among different criteria, standardisation is needed for which all raster dataset are reported in the same range of values going from 0 to 1; iv) weighting of criteria; the corresponding relative importance weights have been assigned to each map. The weight mapping was performed according to the ANP technique (Saaty, 2005) and by the pairwise comparison checked by a panel of experts, constituted by scientists belonging to the LIFE ECOREMED project; v) suitability map creation; representing a final raster dataset identifying areas more susceptible to land use change. Steps from three to five have been carried out with ILWIS 3.8 software (Informer Technologies, Inc., Madrid, Spain). The goodness of fit of the logistic regression was evaluated using the relative operating characteristic method (ROC) (Pontius and Schneider, 2001; Verburg et al., 2002; Verburg and Veldkamp, 2004; Shoyama and Yamagata, 2014) by overlaying the probabilities maps of each land use type with their 2012 actual pattern. In such a way spatial distribution of each land use type can be validated according to its ROC values, ranging from 0.5 for a complete random allocation, to 1 for a perfect fit (Pontius and Schneider, 2001) .
The total amount of future land use changes in purely quantitative terms (demand) is defined at aggregate level before the start of the simulation, for each time steps, according to the different contexts of each scenario (Verburg et al., 2002; Verburg and Veldkamp, 2004) . Demand for the trend scenario was calculated as a projection of the trend observed during the period 2006-2012. Future land use requirements were not corrected for changes in population. The model takes into account population density in the study area as one of driving forces analysed. Specifically population is slightly decreasing in Naples province (southern part of study area), and is moderately increasing for Caserta province (northern part of study area) according to census data. Besides of the detailed changes of population trends in each municipality, the whole study area is interested by a general urban sprawl and land infrastructure .
Land use changes requirements for phytoremediation crops scenarios were related to targets thought to be reliable as a consequence of the implementation of LIFE ECOREMED project's protocol. Once all the parameters are set, an iterative process allocates the different land use types, according to their driving forcesdependent probabilities on each of the grid cells, until their total amount meets the land use requirements fixed for each different scenario, in a combination of a typical bottom-up with a top-down approach (Verburg and Overmars, 2009; Murray-Rust et al., 2014) .
Spatial policies and restrictions
The model allows the exclusion of areas subject to legislative constraints in land management by imposing restrictions on the change of land use within specific areas of interest. References for delineating such areas were derived from regional territorial plan (PTR; 2006, available from: http://www.sito.regione. campania.it/PTR2006/PTRindex.htm) of Campania Region, particularly for aspect recalling the European Landscape Convention. Zones excluded from the iterations of the model are the protected areas, such as parks, reservoirs, wetlands and sites of natural or cultural interest. Informative layers were derived from the abovementioned PTR. The total extent of the study area is introduced in the model as binary ASCI file called region. Areas within the restrictions are characterised by cells value -9998, whereas cells where LUC is allowed, have 0 value.
Land use change and scenario analysis
Future land use changes were simulated in 2 different scenarios developed under alternative strategies of land management. The first one (trend scenario) represents a simple projection of the recent trends. The second scenario (phytoremediation scenario) simulated the introduction of phytoremediation crops, suitable also as energy crops, to restore soils from contamination or reduction of fertility . Both scenarios were started from last update of land cover derived from the CLC III level for the year 2012. The overall duration of simulations was 13 years, from 2012 to 2025, subdivided into yearly time steps.
CLC map of 2006 was considered as the reference map, that is the map considered as baseline for model validation. These maps result from analysis and digitalisation of Landsat photos, with a nominal scale of 1:100,000, a minimum mapping unit of 25 ha and a change detection threshold of 5 ha (EEA, 2006) . Then CLC classes were grouped into four macro-classes based on the first and second level of CLC. The four classes analysed are the following: -Natural areas (class 0): all areas within the classes 3, 4 and 5 of first level of CLC, including sparsely vegetated areas, bare soil, wetlands and water bodies. Class 0 appears to be very heterogeneous, nevertheless the classes merged together cover a very small surface compared to whole study area. Moreover wetlands and water bodies are not subject to LUC as they entirely fall in the protected areas (constraints area). 
Model validation and map comparison
Validation of the model was performed through a historical validation, for which the comparison is performed between predicted land use map and the observed one, in the same period, 2012 for the present study (Rykiel, 1996; Verburg et al., 2002) . In order to validate the model, it was also ran for the period 2006-2012 and then, simulated map of 2012, was compared with observed one of the same year. The comparison has been performed through the use of open source Map Comparison Kit (MCK software) (Visser and De Nijs, 2006; Hewitt and Escobar, 2011) using Kappa simulation algorithm. This algorithm is able to express the degree of agreement in relation to the amount of change within the individual classes basing on the value of a coefficient. The KSimulation coefficient arises from the product of two factors, KTransition, and KTransLoc, representing the agreement in terms of categories change (i.e., what has changed) and the similarity in terms of allocation (i.e., in what has changed) respectively. The KSimulation coefficient can range from -1 to 1. Although scores above 0 indicate a positive compliance of the model, it is better to get closer to 1, which indicates a perfect agreement of the model (van Vliet et al., 2011) . However it is possible that a model gives a good agreement quite all the extent of the actual map used for the validation. This issue is maybe devoted to the current CLC accuracy, still about 85% (Panagos et al., 2015) . In areas where KSimulation coefficient was not so high, CLC level of reliability was improved by integrating information from different data sources, such as the LUCAS surveys (Gallego, 2002) , aerial photos and comparison with previous classification provided by the agricultural land use map [Carta degli Usi Agricoli del Suolo (CUAS), 2009: http://sit.regione.campania.it/portal] from Campania region. The comparison has the main aim of explain the not agreement and so to take into account the grades of similarity between pairs of cells in two maps. At this aim, the Fuzzy Kappa map comparison was also used. The Fuzzy Kappa is based on a cell-by-cell map comparison, which entails the neighbourhood of a cell in a value between 0 (fully distinct) and 1 (fully identical) to express similarity of that cell. The value of 0.5 can be deduced as considerably similar (Hagen, 2003) .
After model validation, the comparison between predicted land use map and the starting map in both scenarios was performed with Kappa statistic algorithm. The contingency table was then derived and land use classes changes in hectares were estimated .
The reliability of the model to predict spatial allocation of class 4 of scenario 2 (i.e., energy crops) was performed with per category algorithm of MCK software, comparing class 4 to total extension of areas suitable for LUC (the so called fringe areas from Cervelli et al., 2016) sorted out from the suitability map.
Results
Regressions analysis and location suitability
The highest ROC value was found for natural areas (0.904). For the other classes (permanent crops, arable lands and urban areas) lower ROC values were observed, ranging from 0.7 to 0.8, considered already sufficient to demonstrate the goodness of the regression. Table 1 . The KSimulation value is affected by the lower value of KTransLoc (similarity in terms of allocation) for the two classes belonging to agricultural areas, namely permanent crops and arable land. This might be explained by misleading photointerpretation of satellite images for producing CLC maps (EEA, 2006) . Thus, maybe the model confuses the two agricultural areas due to their similarity. The Fuzzy Kappa was introduced to have the overall similarity of the two maps (Hagen, 2003) . The KFuzzy calculated assuming that the two classes arable lands and permanent crops can be confused (Visser and Nijs, 2006) , grow up to 0.9 (Figure 3) .
Model validation and map comparison
Finally from the comparison performed through per category algorithm, there is a clear overlap between areas allocated to class 4 by Dyna-CLUE and the fringe areas. In this case, about 87% of the total 9985 ha of alternative crops foreseen in scenario 2 is overlapped to fringe areas highlighted from multi-criteria decision analysis.
Scenario 1
Scenario 1 is based on the trend of the past land use (Verburg and Veldkamp, 2004; Shoyama and Yamagata, 2014 Figure 4 shows comparison between land use observed in 2012 and simulated one for the same year. Table 2 reports contingency table for Scenario 1. This scenario reports the expansion of urban areas that increase up to 8%, covering about the 20% of the study area. The overall change in the study area involves the 15% of the total area. Urban growth will affect both natural and agricultural areas. This result was already observed in other study focused on the same study area .
Scenario 2
The phytoremediation scenario (Scenario 2) is aimed at introduction of new crops for reclamation of land with contamination or reduced fertility. This new class is supposed in competition with arable land and partially with permanent crops (Figure 5 ). Suitability map from Cervelli et al. (2016) was used as a proxy for the spatial allocation of new crops. Table 3 shows the land use changes within the study area. o n l y study area is supposed to be the reduction of urban growth. As a matter of fact in this second scenario, urban areas grow only up to the 3%, and also natural areas reduction (-2%) is slowed down by the introduction of no-food crops in the study area. Regarding agricultural areas, a continuous but less intensive increase of permanent crops has been supposed, whereas arable land registers a drastic reduction following the introduction of no-food crops, as expected. Even if transformation from urban areas into other classes was supposed irreversible, a small change in this direction is sorted out from the simulation. This transformation is negligible as it represents only the 0.07% of the total study area, confirming the goodness of contingency table.
Discussion
Results of validation, calculated through the application of Kappa simulation algorithm, showed an overall good capability of the model in the interpretation of reality, although highlighting some critical issues that have to be more investigated.
The comparison of the land use in 2012 and that of 2025 in scenario 1 showed a general tendency to built-up areas expansion, with an increase of about 2400 ha, representing around 1.5% of the whole area, at the expense of agricultural land and those covered by natural vegetation. The analysis also shown that the structure of land uses foreseen in the scenario 1 would assume also a spatial conformation significantly different from the one of 2012.
The comparison of the land use in 2012 and scenario 2 showed a situation where the expansion built-up areas is significantly lower than the one of previous scenario, affecting approximately 750 ha, which represents around 0.5% of the whole area. Moreover, the introduction of no-food crops on about 10,000 ha, i.e. about 6.8% of the whole area, would result in a significant decrease of arable land and a lower decrease of permanent crops, respectively equal to 6800 ha and 2900 ha. For the few hundred remaining ha, alternative crops would essentially replace surfaces covered with natural vegetation. As it occurred in scenario 1, also the arrangement of land uses foreseen in the scenario 2 would assume a spatial conformation significantly different from the one of 2012.
Conclusions
Land use change models have the power of showing main effects of the application of specific intervention policy, projecting them for long-term period, or what will be either in the case of not interventions (Hewitt and Escobar, 2011) . This study has highlighted the potential of predicting land use changes models as tools for decision support, considering a wide range of different factors: biophysical and socio-economic factors, but all concurring, with different weights, to determine the LUC. Nevertheless, even in this case, it was demonstrated that the ability of these tools to represent reality depends to a large extent on data availability, the reliability of the prediction depending mainly by the quality of the existing land use maps. All European studies are based on the CLC, which however has some limitations (Hewitt and Escobar, 2011) . In this study we also used CLC, to be comparable with other European studies (Hewitt and Escobar, 2011) . The mismatching between agricultural areas and permanent crops reported in the results section, as to be attributable to some misinterpretations in CLC, as demonstrated by the different classification reported for the same areas, in the land use map of Campania region (CUAS map). The use of CUAS map was tried to verify the reliability of the model and to improve the performance of our assessments. Results were encouraging and demonstrate the goodness of driving forces analysed.
A way to evaluate spatial allocation of energy crops is here suggested, different from the methodology proposed by Hellmann and Verburg in 2011. In their study energy crops were included in agricultural areas, whereas multi-criteria decision analysis was used to allocate only processing plants. In this study suitability map was used to substitute location characteristic that are very hard to determine for crops not already cultivated in the study area. In this way it is possible to isolate new crops introduced, improving the unavoidable land use change impact evaluation, especially in the case of impact on wildlife, that is very site-specific.
Finally from the comparison of the class 4 (no-food crops) of second scenario, with areas assessed from suitability map, it is evident an overlapping of about 87%, delineating which areas will change for first, improving results from multi criteria analysis. 
